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ABSTRACT

The lepton flavour violating Z + e,
Z > ut and Z > et decays are evaluated in
the framework of the Majoron triplet
model of Gelmini and Roncadelli. The
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charged scalars in the loops, so the GIM
cancellation 1is avoided. We obtain
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which wight be detectable at SLC and/or
LEP.
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It has long been recognized that flavour changing weak neutral currents,
which are very strongly suppressed in the quark and the lepton sectors, comstitute
a sensitive tool to search for the direction in which the Standard Model will have
to be extended. We will study here lepton flavour non conservation and the pros-

pects for its detection at the Z° pealk,

A model which extends the standard theory by adding new neutral fermions was
considered in Ref. 1), studying its implications for lepton flavour non couser~
vation, In this work we shall discuss this problem in the context of extended Higgs
sector. At the level of the electroweak SU(2) U(l) gauge theory,.this enlargement
is forced if one wishes to have neutrino masses without right-handed neutrinos. The
lepton flavour changing neutral currents due to non vanishing neutrino masses and
mixings have too small amplitudes to be defected, but the effects of the new scal-
ars could be important. A model to get neutrino Majorana wasses was proposed by

2)

Gelmini and Roncadelli™ , in which .a scalar triplet develops a small vacuum expec-

tation value v. The value v has strong bounds coming from Majoron emission by stel-

lar objects [v < 100 keV3), v <1 MeVQ) and v € 9 keVS)].

In the scalar triplet model seven physical scalars remain after the Higgs
mechanism. One of them is the massless Goldstone boson, the Majoron, associated
with the global lepton number U(l) breakdown. Neutrinoless BPf-decay of /°Ge with
Majoron emission was claimed recently by Avignone et a1.6), but their results are
in disagreement with more sensitive experiments7) which show no evidence for this
Majoron channel. There are two more neutral scalars, a heavy one which corresponds
to the neutral Higgs boson of the standard theory and a light scalar with mass pro-
porticnal to the triplet wvacuum expectation value. The remaining fields are a

single charged scalar w and a doubly charged one ¢ with masses related by m = f2mw.

¢

These mew charged Higgs fields have Yukawa couplings with the leptons, leading to

additional contributions to charged current processes.

All the neutral currents are diagonal at tree level due to the fact that each
vacuum expectation value gives masses separately to only one kind of leptons, so
the diagonalization of the fermion mass matrices implies the diagonalization of the
neutral Yukawa couplingsS). Therefore processes like u + ey must be produced at the
one-loop level and are a priori suppressed by the GIM mechanism. However, the pres-—
ence of charged scalars allows to avoid the GIM cancellations in diagrams with
these scalars running in the loop. In fact, it has been shown that the contri-
butions to u + ey of the charged Higgs sector are larger than the ordinary gauge
ones by at least twenty four orders of magnitudeq). This opens the door to pro-
cesses like Z° = lin, (i = j). 1If the SLC and for LEP colliders produce several
millions of Z's per year it would be possible to study some rare decays with lepton
flavour non conservation. The detection of these leptonic channels seems much clea-
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ne than that for the corresponding quark flavour non-conservation . We study



the lepton flavour violating decays of the Z° induced by the charged scalars of the
triplet Majoron model. The dominance of these contributions for the Z » liij(i £ j)
decay is due to the same reason tham for the p + ey decay. We consider the case of

12)

three generations because the results

of the CERN pp collider for PZ/FW place
3),13)

stringent limits if Majorons exist.

The diagrams contributing to the process are depicted in Fig. 1, which con-
tains the single charged scalar in the loop, and Fig. 2, which contains the doubly
charged scalar. As mentioned before, additional diagrams with gauge bosons are sup-
pressed due to the unitarity of the mixing matrix and they vanish with the mneutrino
mass (with respect to the W-mass). We give the Yukawa couplings needed for the cal-
culation, keeping only the parts proportional to (mv/v) which dominate the process,
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where L is the left projection operator 3(l-ys), D, is the diagonal mass of the
physical neutrinos, U 1is the same leptonic mixing matrix which appears in the
charged gauge sector and it can be parametrized 2 la Kobayashi-Maskawa, and A is a

. . . . ] c
diagonal matrix of phases characteristic of Majorana neutrinos v = =Av .

The gauge couplings of the Z to the leptons are

Ly= ;%;9” Dyt (d+hsn0,+Yo)d - D yFysV Z/L

(2)

where one must notice that v are Majorana neutrino fields and g is the SU(2Z) gauge
coupling constant. Finally, we need the gauge couplings of the Z to charged

scalars
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The total effective amplitude for the process has the form
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where eu(q) is the polarization vector of the Z°. In the limit of vanishing lepton
masses, the vertex I'™ can be written as
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where F is a form factor depending on the boson masses and the subindices (i,j)

refer to the generation pair of outgoing charged leptons.

The Yukawa couplings
appear in the form

Cnlyg /vis UL UL Gnu/9)

m

(6)

Each of the diagrams in Fig. 1 is divergent. However, when we add their con-—

tributions, the divergences cancel and the result

is finite, giving origin to a
form factor

Fo =02 +fuls0)* 9alsw)/2]
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where the functions fa(sm), ga(sw), fb(sm) and gb(sm) depend on the charged scalar

mass through the variable s = (M /mw)2 and can be expressed in terms of the Spence
W z
functions and logarithms
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where the arguments of the Spence functions in gb(s) are
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The sum of the diagrams of Fig. 2 also gives a finite result, which can be

written in terms of the functions of Eq. (8), but changing the variable S by

- 2
s¢ (Mz/mq))

Fg = 3 (% sbﬁ@,,-l){ % +§a(s¢)+3°,(s¢)/:, - 555(516)’31,‘54»)}

(10)

Adding the two contributions (7) and {10}, and using the approximate relaticn

2

between the masses of the two charged scalars m¢ = 2m£, the form factor depends on

one unknown parameter, say the mass ratio of Z to ¢, s ¥ 5 ,

¢

F(S) = Fw(5w=-?/‘5)+r4,(54 :5)
(1

Using the amplitude (4) and (5), the lepton flavour violating width of the Z°
is
2 2
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The rate ratio between the lepton flavour changing decay and the diagonal
decay of the Z° to electrons can be expressed in terms of the form factor F(s) and
the Yukawa couplings
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On the other hand, the Yukawa couplings are not free, they are restricted by
the bounds coming from the 1, =+ ljy decays. The branching ratio for that flavour

violating radiative process is

2¥ . r->b4y) _ 25« ¢y |*
ST TRV
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where Ay is the coupling constant of the Higgs potential that gives masses to the

charged scalars
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We can rewrite Eq. {(13) eliminating the Yukawa couplings in favour of the low-

energy rate ratio sz, with the result
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Using the experimental bounds on sz and caleulating the functions F(s)/s we can

obtain limits on R?j' The experimental branching ratioslA)

for‘li > 1j+y are trans-
lated into the following limits for sz when normalized to the three body 1i > ljv;

decays
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We have calculated the function |F(s)/s|2 in the allowed range of the charged

3,1 . .
scalar masses 30 GeV < My < 240 GeV ) 5). For m¢ » 150 GeV, this factor is larger

than one. Using Eq. (18), we see that the process Z + ep is beyond the experimental

possibilities. For the other two processes, the prospects to be detected depend on

the mass of the doubly charged scalar., If Ay = 1, value which corresponds to
m = 176 GeV, we obtain [F(s)/s|2 = 1.8, which leads to
2 -6 z -6
£ 10 . ¢ 1.9 . 10
ﬂf“ £59. R, ¢ 1.9« (19)

These limits could enly be accessible at SLC and/or LEP if several millions of Z's
per year are collected. The results for the form factor F(s)/s are given in Fig. 3,
where we plot both its real and imaginary parts in the interesting phenomenological
region for m¢.

In view of the above discussion and the connection established by Eq. (16) it
is important to improve the bounds for the radiative t-decays. Finally we mention
that in the Z° decay to differeut leptons, and in this model, there is no CP-
violation when we neglect the lepton masses in the loop. To have a CP-violating
observable we need the interference between amplitudes with different absorptive
parts. Due to this, the form factors must be different for the different leptons in
the loop. When we neglect the masses of the internal leptons the form factor can be
factorized and there are no effects. So, CP-violating effects are suppressed at

least by additional (m1/m¢)2 factors,
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FIGURE CAPTIONS

Fig. l: Diagrams contributing to the process Z° » l{lg for the single charged

scalar w running in the loop.
Fig. 2: Same as Fig. l, but for the doubly charged scalar ¢ running in the loop.

Fig. 3: The form factor F(s)/s, with s = (lem¢)2. The two curves indicate its real

part R and its imaginary part I,
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